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57 ABSTRACT 

A method of joining an electronic component (10) provided 
with contact surfaces (12) to a substrate (11) comprising 
contact surfaces (14) via contact metal coatings (16, 17) 
formed between the contact surfaces and made of a solder 
able or weldable joining material (15), the electronic com 
ponent and the substrate being pressed together and heated, 
and during the joining operation a layer (18) of a medium 
(19) containing a polyalcohol is disposed at least between 
the joining material (15) and the contact surfaces (12) of the 
electronic component (10) or the substrate (11). 

20 Claims, 1 Drawing Sheet 
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METHOD OF SURFACE-CONTACTING 
ELECTRONIC COMPONENTS 

The invention relates to a method of joining an electronic 
component provided with contact surfaces to a substrate 
having contact surfaces, via contact metal coatings formed 
between the contact surfaces and made of a solderable or 
weldable joining material, the electronic component and the 
substrate being pressed together and heated. 

Particularly when a soldering process is used for surface 
contacting of electronic components, the contact surfaces 
have to be very thoroughly wetted with soldering material 
owing to the relatively low contact pressures during the 
joining operation, in order to obtain a reliable soldered joint. 
It is therefore necessary to break up any oxide skins on the 
soldering material. It is also essential not to form any air 
inclusions (cavities) in the contact layer formed from the 
soldering material, since these have an electrically insulating 
effect and may cause the electronic component to fail. 
Similar considerations apply to welded joints, although in 
these, owing to the higher contact forces, the risk of cavity 
formation is undoubtedly greater than the risk of insufficient 
wetting. 

In soldering-only processes, it is now customary to use 
fluxes for eliminating oxide skins during the joining opera 
tions. Fluxes however are very corrosive chemically and the 
residues have to be removed by complicated cleaning pro 
cesses after the joining operation, since otherwise they may 
damage the surface of the component and substrate and thus 
considerably reduce the reliability of the joint. 

When an electronic component is joined to a substrate by 
ultrasonic welding, a method called "scrubbing" is used for 
mechanically breaking up the oxide skins by rubbing the 
contact surfaces of the electronic component on the contact 
surfaces of the substrate. This method, however, results in 
increased cavity formation in the contact layer. There are 
also difficulties in applying it to electronic components or 
Substrates made of sensitive or brittle materials, since the 
mechanical rubbing may result in fractures or damage to at 
least one of the substances joined (i.e. the component or the 
substrate). 

Finally it is know simply to use the contact pressure 
generated during the joining operation to break up the oxide 
skins formed on the joining material, and to prevent 
re-formation of oxide skins by carrying out the joining 
operation in a reducing atmosphere. Usually the reducing 
atmosphere is obtained by using gaseous mixtures of nitro 
gen and hydrogen, up to pure hydrogen. The reducing effect 
is dependent mainly on the hydrogen contact. Since the 
reducing gas mixture becomes increasingly explosive when 
the hydrogen content is more than 5%, a joining operation 
and equipment used under these conditions are subject to 
extremely high safety requirements. This increases the cost 
of the process. 

The object of the invention therefore is to devise a 
process of surface contacting an electronic component on a 
substrate, so as to obtain a reliable joint without the 
previously-described disadvantageous effects. 

This object is achieved by a method having the features 
in claim 1. 

In the method according to the invention, an intermediate 
layer of a medium containing a polyalcohol is disposed 
between the contact surfaces of the electronic component or 
substrate and the joining material during the joining opera 
tion. 

In the method according to the invention, the inert effect 
of the alcohol for wetting the joining material is used to 
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prevent the oxide skins previously broken up by the contact 
pressure from re-forming when the contact surfaces are 
heated during the joining operation. In contrast to fluxes. 
polyalcohols are not chemically corrosive and are soluble in 
water, so that they are no danger to health and residues of 
alcohol remaining in the contact region between the joined 
substances can simply be rinsed off with water after the 
joining operation. If the boiling temperature of the medium 
containing the polyalcohol is adapted to the temperature of 
the joining material during melting thereof, the medium can 
be evaporated without leaving a residue, so that subsequent 
cleaning is superfluous. 

Use of glycerol as the medium has been found particu 
larly advantageous, particularly in view of its easy wetta 
bility and its boiling temperature. which is suitable for most 
joining materials. This particularly applies when a euteotic 
gold/tin solder alloy with a melting-point of about 280° C. 
is used. Glycerol evaporates at this temperature. When this 
combination of soldering material and polyalcohol are used, 
therefore, no residues are left between the joined substances. 

The intermediate layer formed by the medium can be 
continuous or can comprise individual partial layers dis 
posed between the respective contact-surface pairings 
between the joined substances (the component and the 
substrate). 
A continuous intermediate layer is particularly advanta 

geous if the method according to the invention is used for 
so-called "die bonding” and the soldering material is a 
so-called "preform" in continuous platelets applied to the 
contact-surface region of the substrate. However, a continu 
ous intermediate layer and consequent application of the 
polyalcohol-containing medium over the entire surface may 
also be advantageous in so-called "flip-chop bonding". In 
this method of bonding, the joining material is disposed in 
the form of elevated contact surfaces or so-called "bumps” 
on the contact surfaces of the component, which in this case 
is a chip. 

It may however be advantageous, particularly in the 
aforementioned bonding method, for the medium containing 
polyalcohol to be applied in the form of individual partial 
layers disposed between the respective contact-surface pair 
ings between the component and the substrate. The medium 
can be non-continuously applied in this manner e.g. by a 
punch. 

Particularly advantageously, the medium has a boiling 
point equal to or only slightly above the melting temperature 
of the joining material or the joining temperature in the 
joining material during melting, which is usually slightly 
above the melting-point. If the boiling temperature of the 
medium is adjusted in this manner, the medium can be 
evaporated without residue during the joining operation, and 
also the medium acts as a system limiting the temperature of 
the joining material, since overheating thereof is prevented 
by evaporation of the medium. As a result the requirements 
on control of the joining temperature are considerably 
reduced, so that the component or the substrate can be 
prevented from overheating and consequent damage even 
without complicated control. 

Advantageously also the component and/or the substrate 
are heated to an elevated temperature before the joining 
operation and are heated to the joining temperature by pulses 
during the joining operation. This results in a particularly 
uniform structure of the contact layer of joining material 
formed between the joined substances or the contact sur 
faces thereof, which particularly improves the reliability of 
the joint. 

The method of joining described hereinbefore with 
respect to selected advantages is particularly advantageous 
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for assembling opto-electronic components on a substrate, 
using a preferably eutectic gold/tin alloy for the joining 
material in combination with the polyalcohol (glycerol). 
Since glycerol evaporates at a temperature of about 280 C. 
no residues are left on the chip or optical surfaces. In 
addition, glycerol does not corrode the optical surfaces. 
Two preferred variants of the method according to the 

invention will now be described in detail with reference to 
the drawings, in which: 

FIG. 1 illustrates application of a variant of the method 
according to the invention to “die bonding" and 

FIG. 2 illustrates application of a variant of the method 
according to the invention to "flip-chip bonding". 

FIG. 1 shows a die or chip 10 positioned above a 
substrate 11 for joining thereto. Contact surfaces 12 of the 
chip 10 are aligned with and overlap contact surfaces 14 of 
the substrate 11. The contact surfaces 14 of the substrate 11 
are disposed horizontally one behind the other on the 
substrate 11 at right angles to the plane of the drawing and, 
in the embodiment shown here, are provided with solder 
pads 16, 17 for preparing a soldering material 15 for a joint 
between the substances for joining (i.e. the chip 10 and 
substrate 11 in the present case). 

As an alternative to forming the solder pads 16, 17 on the 
contact surfaces 14 of the substrate 11. a "solder preform” 
can be disposed on the surface of the substrate 11 so as to 
provide the soldering material 15 for the subsequent joint. 
A layer 18 of a polyalcohol-containing medium 19, i.e. 

glycerol in the present embodiment, is disposed on the 
solder pads 16, 17 or on the otherwise-applied soldering 
material 15 disposed on the contact surfaces 14 of the 
Substrate 11. 

In the embodiment shown in FIG. 1, as also in the 
embodiment shown in FIG. 2, the soldering material 15 
comprises a eutectic gold/tin alloy having a melting tem 
perature of about 280° C. This temperature corresponds to 
the boiling temperature of glycerol. Experiments have also 
shown the advantage of a combination of lead-tin soldering 
alloys and indium-containing solder with an inert material in 
the form of glycerol. 

Before the actual joining operation, in the embodiment 
shown here, the chip 10 and the substrate 11 are both heated 
to an elevated starting temperature. To make the joint, the 
chip 10 is lowered on to the substrate by a suitable tool, 
normally called a bonding tool (not shown here), and 
simultaneously a pressure of about 50 cN/mm is exerted by 
the tool on the substances for joining. The pressure breaks 
any oxide skins on the surfaces of the soldering pads 16, 17. 
so that they cannot disadvantageously influence the subse 
quent joining operation. 

When the joint is being made, the inert medium 19 forms 
a protective atmosphere which prevents re-oxidation of the 
soldering material 15. To make the joint in the embodiment 
shown here, the chip 10 is heated by the bonding tool by 
pulse heating to an elevated temperature, so that the required 
temperature is obtained for melting the soldering material 
15. 

In the embodiment shown here, the melting and boiling 
temperature of the soldering material 15 and the medium 19 
respectively are adapted to one another so that when the 
soldering material 15 melts the medium 19 evaporates. This 
ensures on the one hand that after the joint has been made, 
no residues of medium remain. On the other hand the 
temperature of the soldering material 15 during melting is 
limited by evaporation of the medium 19. 

FIG. 2 is a variant illustrating application of the joining 
process to "flip-chip bonding", in which the die or chip 10 
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4 
shown in FIG. 1 is replaced by a die or chip 20 mounted on 
a substrate 21 and formed with raised contact-metal coatings 
or "bumps" 26 on its contact surfaces 22. 

FIG. 2 shows the starting position for subsequently 
joining the chip 20 to the substrate 21, in which the bumps 
26 on the chip 20 are positioned so as to overlap soldering 
pads 27 arranged and distributed on the surface of the 
substrate 21 so as to correspond to the bumps 26 and 
positioned on contact surfaces 28 of the substrate 21, 

In the embodiment shown in FIG. 2. the layer of medium 
19 is applied in a number of partial applications in the form 
of fluid meniscuses 29 deposited on the soldering pads 27 on 
the substrate 21. The meniscuses 29 can be applied e.g. by 
an arrangement of nozzles on a tool (not shown) for applying 
the medium 19, the nozzles being distributed in correspon 
dence with the soldering pads 27 on the surface of the 
substrate 21. Alternatively, as in the embodiment shown in 
FIG. 1, the medium 19 can be applied in the form of a 
continuous layer 18, in which case the medium 19 will also 
be disposed in the spaces 30 between the soldering pads 27. 

The operation of joining or heating the chip 20 and/or the 
substrate 21 is the same in the embodiment shown in FIG. 
2 as in the embodiment shown in FIG. 1. 
We claim: 
1. A method of joining an electronic component having 

contact surfaces to a substrate having contact surfaces. the 
surfaces of at least one of the electronic component and the 
substrate having solderable or weldable joining material, 
comprising: applying an inert, acid-free polyalcohol 
containing medium to the contact surfaces of either or both 
of the electronic component and the substrate while said 
electronic component contact surfaces are spaced apart from 
said substrate contact surfaces, bringing the contact surfaces 
of the electronic component and the substrate into contact 
with each other under sufficient pressure to break up any 
oxide skins formed therebetween, and heating the contact 
surfaces sufficiently to melt the joining material, wherein the 
polyalcohol-containing medium forms an inert, acid-free 
atmosphere during the heating step which shields the contact 
surfaces of the electronic component and the substrate being 
joined to prevent oxide skin from reforming during heating. 

2. A method according to claim 1, wherein the polyalco 
hol used is glycerol. 

3. A method according to claim 1, wherein the applied 
layer is continuous. 

4. A method according to claim 1, wherein the applied 
layer comprises individual partial layers associated with the 
respective contact surface pairings between the electronic 
component and the substrate. 

5. A method according to claim 3, wherein the joining 
material is in the form of a separate moulding disposed on 
the contact surfaces of the substrate. 

6. A method according to claim 4, wherein the joining 
material is in the form of a separate moulding disposed on 
the contact surfaces of the substrate. 

7. A method according to claim 3, wherein the joining 
material is in the form of elevated contact-metal coatings 
disposed on the contact surfaces of the component. 

8. A method according to claim 4, wherein the joining 
material is in the form of elevated contact-metal coatings 
disposed on the contact surfaces of the component. 

9. A method according to claim 5, wherein one or both of 
the component and the substrate are heated to a starting 
temperature before heating to the temperature sufficient to 
melt the joining material. 

10. A method according to claim 7, wherein one or both 
of the component and the substrate are heated to a starting 
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temperature before heating to the temperature sufficient to 
melt the joining material. 

11. A method according to claim 6, wherein one or both 
of the component and the substrate are heated to a starting 
temperature before heating to the temperature sufficient to 
melt the joining material. 

12. A method according to claim 8, wherein one or both 
of the component and the substrate are heated to a starting 
temperature before heating to the temperature sufficient to 
melt the joining material. 

13. A method according to claim 5, wherein the 
polyalcohol-containing medium has a boiling point equal to 
or only slightly above the melting temperature of the joining 
material. 

14. A method according to claim 7, wherein the 
polyalcohol-containing medium has a boiling point equal to 
or only slightly above the melting temperature of the joining 
material. 
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15. A method according to claim 6, wherein the 

polyalochol-containing medium has a boiling point equal to 
or only slightly above the melting temperature of the joining 
material. 

16. A method according to claim 8, wherein the 
polyalcohol-containing medium has a boiling point equal to 
or only slightly above the melting temperature of the joining 
material. 

17. A method according to claim 13. wherein the polyal 
cohol is glycerol. 

18. A method according to claim 14, wherein the polyal 
cohol is glycerol. 

19. A method according to claim 15, wherein the polyal 
cohol is glycerol. 

20. A method according to claim 16, wherein the polyal 
cohol is glycerol. 
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